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-EDICAL IMAGING IS EXTREMELY IMPORTANT VALUE AND ROLE IN THE CARE OF 
THE ILL OR INJURED CHILD 4HIS INCLUDES DIAGNOSIS OF EMERGENT INCLUDING 
LIFE THREATENING CONDITIONS AS WELL AS AN AID IN MANAGEMENT SUCH AS 
APPROPRIATE  TRIAGE TO PROMOTE EFlCIENT AND  JUDICIOUS USE OF MEDICAL 
RESOURCES  &OR  EXAMPLE  #4  AND -2  HAVE  BEEN  HERALDED  AS  ONE  OF 
THE  MOST  SIGNIlCANT  MEDICAL  ADVANCEMENTS  IN  THE  PAST    YEARS 
BASED  ON  A  SURVEY  OF  MEDICAL  PRACTITIONERS  	 7HILE  MUCH  OF  THE 
FOLLOWING MATERIAL WILL DISCUSS THE SPECIlC RISKS OF  IONIZING RADIATION 
related to medical imaging, one must not lose sight that when used 
APPROPRIATELY THE BENElTS OF MEDICAL IMAGING ARE FAR IN EXCESS OF REAL 
and potential risks.
-UCH  OF  MEDICAL  IMAGING  DEPENDS  ON  THE  USE  OF  XRAYS  A  TYPE  OF 
IONIZING RADIATION FOR IMAGING FORMATION 4HE GENERAL MODALITIES THAT 
USE XRAYS CONSIST OF RADIOGRAPHY mUOROSCOPY INCLUDING ANGIOGRAPHY	 
computed tomography (CT) and nuclear imaging (also known as nuclear 
medicine). Other modalities which do not use ionizing radiation which 
ARE COMMONLY USED  FOR MEDICAL  IMAGING CONSIST OF  SONOGRAPHY AND 
magnetic resonance imaging. Radiation, in relatively high doses, has 
KNOWN BIOLOGICAL EFFECTS 4HESE EFFECTS INCLUDE THE INDUCTION OF CANCER 
Almost without exception, diagnostic medical imaging uses low levels 
OF RADIATION AND THE TYPES OF BIOLOGICAL EFFECTS AND ATTENDANT RISKS OF 
CANCER WILL  BE  DIFFERENT  AS  DISCUSSED BELOW	 4HE  TOPIC  OF  RADIATION 
risk in medical imaging is also timely, especially in the United States 
where there has been increased public attention mostly through 
MEDIA  SCRUTINY  REPORTING  RADIATION  DOSES  FROM MEDICAL  IMAGING  AND 
BIOLOGICAL  EFFECTS  4HESE  REPORTS  INCLUDED  HAIR  LOSS  FROM  PERFUSION 
IMAGING A TYPE OF BRAIN #4 EXAMINATION	 	 RADIATION DERMATITIS FROM 
#4 EXAMINATION IN A CHILD 	 RELATIVELY HIGH DOSES FROM RADIOGRAPHY IN 
DENTAL EVALUATION 	 AND EXCESSIVE RADIATION DOSES FROM IMPROPERLY 
PERFORMED NEONATAL RADIOGRAPHY 	 "ECAUSE RADIATION RELATED EFFECTS 
ESPECIALLY CANCER MAY NOT BE EVIDENT FOR YEARS EVEN DECADES CONCERN 
MAY  BE  LONG  LASTING  )  HAVE  RECEIVED  COMMUNICATIONS  FROM  PARENTS 
EVEN SEVERAL YEARS AFTER IMAGING EVALUATION WHO ARE CONCERNED ABOUT 
what they have heard about cancer risks and radiology in the media. 
2ECENTLY THE lRST SCIENTIlC INVESTIGATION ASSOCIATING PEDIATRIC #4 WITH 
cancer was published in Lancet (6). Taken together, the importance 
OF MEDICAL  IMAGING  USING  IONIZING  RADIATION  AND  CONTINUED  AND  IN 
SOME CIRCUMSTANCES ESCALATING USE OF THIS IMAGING IN BOTH ADULTS AND 
CHILDREN AND THE PERSISTENT AND OFTEN PERVASIVE ATTENTION TO THE LONG 
LASTING POSSIBILITY OF CANCER FROM IONIZING RADIATION IN LEVELS FOUND WITH 
diagnostic medical imaging necessitates a reasonable understanding 
OF  THE  RISK  ASPECT  OF  THE  RISK  BENElT  RATIO  FOR  DIAGNOSTIC  MEDICAL 
imaging. This basic understanding applies to all medical practitioners, 
NOT JUST THOSE WITH IMAGING EXPERTISE IE RADIOLOGIST	 4HESE HEALTHCARE 
providers, such as pediatricians or emergency medicine physicians will 
be potentially involved in discussions with colleagues about risks 
AND BENElTS  IN  PATIENT MANAGEMENT  AS WELL  AS  CONVERSATIONS WITH 
PATIENTS ABOUT THE POTENTIAL RISKS AND BENElTS 
4HIS  TOPIC OF  RADIATION  RISK AND MEDICAL  IMAGING APPLIES  TO ALL AGES 
However, it is particularly important in children. Children are relatively 
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MORE VULNERABLE TO RADIATION THAN ADULTS 4HIS IS IN PART DUE TO THE FACT 
THAT  THERE  IS A  LONGER  LIFE EXPECTANCY  IN WHICH  TO MANIFEST POTENTIAL 
RADIATION INDUCED CANCERS WHICH CAN BE LIFELONG )N ADDITION THE CARE 
OF CHILDREN CAN BE MORE COMPLICATED THAN ADULTS &OR THOSE HEALTHCARE 
PROVIDERS WHO ARE NOT FAMILIAR WITH THE DIFFERENT SPECTRUM OF PEDIATRIC 
ILLNESS AND MANIFESTATIONS OF  INJURY  THERE MAY BE A  LOWER  THRESHOLD 
TO REQUEST IMAGING EVALUATION &OR IMAGING EXPERTS LACK OF FAMILIARITY 
WITH  THE  OFTEN  SPECIAL  IMAGING  TECHNIQUES  TO MAXIMIZE  QUALITY  AND 
minimize radiation may result in studies with excessive radiation doses 
TO  CHILDREN  &OR  ALL  CARE  PROVIDERS  THERE  IS  OFTEN  INCREASED  ANXIETY 
ESPECIALLY  WHEN  CARING  FOR  SEVERELY  ILL  OR  INJURED  CHILDREN  THAT  MAY 
ALSO AFFECT THE CHOICE EG LOWER THRESHOLDS FOR REQUESTING	 OF IMAGING 
STRATEGIES  	  &OR  THESE  REASONS  THE  FOLLOWING  MATERIAL  PRESENT  A 
SUMMARY  INFORMATION ON  RADIATION  RISKS  FOR  CHILDREN  FROM DIAGNOSTIC 
medical imaging. 
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4HE  FOLLOWING  LIST  IS  PROVIDED  AT  THIS  POINT  TO  LET  THOSE  THAT  ARE 
INTERESTED  KNOW  THAT  THERE  ARE  EXCELLENT  RESOURCES  FOR  ADDITIONAL 
INFORMATION  TO  THE  ENSUING  DISCUSSION  &OR  THE  FOLLOWING  GENERAL 
SECTIONS  THE  READER  IS  REFERRED  TO  SELECT  REFERENCES  NOTE  THAT  THERE 
WILL BE SOME OVERLAP OF THIS MATERIAL AND THIS DIVISION INTO CATEGORIES 
is somewhat arbitrary): radiation biology: Hall and Brenner (8); 
JUSTIlCATION  FOR  MEDICAL  IMAGING  (ENDEE  ET  AL  	  GENERAL  REVIEW 
OF #4 AND RADIATION (RICAK ET AL  	  RADIATION DOSES OF DIAGNOSTIC 
medical imaging examination in adults: Mettler, et al (11); radiation 
DOSES  OF  STUDIES  IN  CHILDREN  &AHEY  ET  AL  	  CURRENT  REVIEW  OF 
CANCER  RISKS  FROM DIAGNOSTIC  IMAGING PROCEDURES  IN  ADULTS  CHILDREN 
and in experimental animal studies: Linet (13); controversies in risk 
ESTIMATIONS  FOR MEDICAL  IMAGING  (ENDEE /#ONNOR  	  STRATEGIES 
ON  DOSE  REDUCTION  FOR  MEDICAL  IMAGING  USING  IONIZING  RADIATION  IN 
children: Frush (15), Nievelstein (16); education material (including 
MATERIAL  SPECIlC  FOR PARENTS AND NONIMAGING HEALTHCARE PROVIDERS	 
Image Gently website (www.imagegently.org) in children and 
FOR  ADULTS  )MAGE  7ISELY  WWWIMAGEWISELYORG	  EVIDENCEBASED 
ASSESSMENT OF  RISK AND BENElT  IN MEDICAL  IMAGING  IN CHILDREN USING 
ionizing radiation: Frush, Applegate (17). 
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4HE BIOLOGICAL EFFECTS OF RADIATION ARE DERIVED PRINCIPALLY FROM DAMAGE 
to DNA. The x-ray particle, a photon, releases energy when interacting 
with an electron. The electron may act either directly on DNA (direct 
ACTION OR AFFECT	 BUT MAY ALSO INTERACT ON A WATER MOLECULE RESULTING 
IN A  FREE  RADICAL WHICH  IN  TURN CAN DAMAGE $.!  INDIRECT ACTION OR 
AFFECT	  4HE  INDIRECT  EFFECT  IS  THE  MORE  DOMINANT  EFFECT  CONSISTING 
OF  APPROXIMATELY    OF  PHOTON  INTERACTIONS  $.!  DAMAGE  RESULTS 
in either single stranded breaks or double stranded breaks. Single 
STRANDED  BREAKS  ARE  USUALLY WELL  REPAIRED WITH MINIMUM BIOEFFECTS 
"REAKS IN BOTH STRANDS OF $.! WHICH ARE IN CLOSE PROXIMITY	 ARE MORE 
PROBLEMATIC TO REPAIR AND UNDERLIE DISRUPTIVE FUNCTION THAT CAN RESULT IN 
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CELL DEATH OR IN IMPAIRED CELLULAR FUNCTION RESULTING IN THE DEVELOPMENT 
OF CANCER 4HESE INAPPROPRIATE REPAIRS WITH RESULTANT STABLE ABERRATIONS 
CAN  INITIATE  ONE  OF  THE  MULTISTEP  PROCESSES  IN  RADIATION  INDUCED 
CARCINOGENESIS  /F  NOTE  THERE  ARE  SOME  CHEMICALS  WHICH  SERVE  AS 
RADIOPROTECTANTS  PRIMARILY  IN  THE  SETTING  OF  RADIATION  ONCOLOGY  THAT 
HAVE RECENTLY BEEN REVIEWED 	 7HILE NOT YET APPLICABLE TO GENERAL 
DIAGNOSTIC IMAGING THESE $.! STABILIZING AGENTS PROVIDE A MODEL FOR 
radiation protection at the cellular level. 
2ADIATION RESULTS IN TWO BIOLOGICAL EFFECTS DETERMINISTIC AND STOCHASTIC 
EFFECTS  &OR  VIRTUALLY  ALL  DIAGNOSTIC  IMAGING  #4  NUCLEAR  MEDICINE 
and radiography and ﬂuoroscopy) radiation doses are at the levels 
WHICH  ARE  STOCHASTIC  3TOCHASTIC  EFFECTS  ARE  GENERALLY  DISRUPTIONS 
that result in either cancer or heritable abnormalities. For diagnostic 
imaging, the discussion is limited almost exclusively to the potential 
FOR  CANCER  INDUCTION  HERITABLE  EFFECTS  IE  ON  GAMETES	  HAVE  NOT 
BEEN SHOWN TO OCCUR IN DIAGNOSTIC LEVELS OF RADIATION IN HUMANS &OR 
A STOCHASTIC EFFECT  THE  RISK  INCREASES WITH  THE DOSE BUT  THE SEVERITY 
OF  THE EFFECT  IE  THE SEVERITY OF CANCER	 DOES NOT  INCREASE 4HERE  IS 
ALSO  NO  THRESHOLD  FOR  THIS  RISK  SEE  FOLLOWING  DISCUSSION  ON MODELS 
OF  RADIATION  RISKS  BASED  ON  DOSE	  4HE  OTHER  BIOLOGICAL  EFFECT  IS 
DETERMINISTIC $ETERMINISTIC EFFECTS  INCLUDE CATARACTS DERMATITIS  SKIN 
BURNS	  AND  EPILATION  HAIR  LOSS	 7ITH  THE  DETERMINISTIC  EFFECT  THE 
AMOUNT  OF  RADIATION  DETERMINES  THE  SEVERITY  OF  EFFECT  &OR  EXAMPLE 
THE GREATER AMOUNT OF RADIATION THE MORE EXTENSIVE THE HAIR LOSS 7ITH 
DETERMINISTIC  EFFECTS  THERE  IS  A  THRESHOLD  "ELOW  THIS  THRESHOLD  THE 
INJURY DOES NOT OCCUR $ETERMINISTIC EFFECTS CAN BE SEEN WITH EXTENSIVE 
INTERVENTIONAL  PROCEDURES  AND  CERTAINLY  WITH  DOSES  DELIVERED  FROM 
RADIATION ONCOLOGY $ETERMINISTIC EFFECTS ARE EXCEPT FOR VERY UNUSUAL 
circumstances, including imaging errors, not encountered in during 
diagnostic medical imaging examinations.
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! BRIEF  REVIEW  OF  RADIATION  UNITS WILL  BE  HELPFUL  FOR  THE  SUBSEQUENT 
material. First, radiation can be measured as exposure; however this 
IS  NOT  USEFUL  IN  DETERMINING  RISKS  SINCE  IT  SAYS  NOTHING  ABOUT WHAT 
THE  ORGANS  AT  RISK  ACTUALLY  RECEIVE  )NDIVIDUAL  PATIENT  RISK  FOR  ORGAN 
SPECIlC CANCER CAN BE DETERMINED IF THE ABSORPTION OF THE RADIATION 
the absorbed dose, measured in Gray (Gy), is known. Obviously, this 
CANNOT BE DETERMINED DURING ROUTINE MEDICAL IMAGING FOR AN INDIVIDUAL 
PATIENT  BUT  THERE  ARE  ESTIMATIONS  FOR  ORGAN  DOSES  4HE  BIOLOGICAL 
IMPACT  ON  THE  TISSUE  MAY  VARY  DEPENDING  ON  THE  TYPE  OF  RADIATION 
delivered. For diagnostic imaging, this is the x-ray, and the waiting 
FACTOR ENDS UP BEING  SO THAT THE EQUIVALENT DOSE IN 3IEVERTS 3V	 
is equal to the absorbed dose in Gy (in medical imaging the measure 
IS MILLI 'Y OR M'Y SINCE THIS  IS THE SCALE OF DOSES ENCOUNTERED	 4HE 
lNAL UNIT OF IMPORT IS THE EFFECTIVE DOSE IN 3V OR M3V IN THE RANGE OF 
DIAGNOSTIC IMAGING	 WHICH IS COMMONLY USED METRIC IN DISCUSSIONS OF 
DIAGNOSTIC IMAGING RADIATION DOSE )T IS FORMALLY DETERMINED BY THE SUM 
OF THE EXPOSED ORGANS AND THEIR EQUIVALENT DOSES IN M3V	 MULTIPLIED 
BY WEIGHTING FACTORS WHICH DEPEND ON THE DIFFERING RADIOSENSITIVE OF 
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THOSE ORGANS THAT ARE EXPOSED   4HE EFFECTIVE DOSE  IS A VERY GENERAL 
DOSE UNIT  )T COULD BE SIMILAR TO SAY AN AVERAGE RAINFALL FOR A COUNTRY 
PER YEAR  4HIS AVERAGE RAINFALL TAKES INTO ACCOUNT REGIONAL AND SEASONAL 
VARIATIONS INTO A SINGLE NUMBER BUT THERE IS NO WAY TO EXTRACT FROM THE 
AVERAGE  RAINFALL  THE  SPECIlC  DATA  ON  THE  COASTAL  RAINFALL  IN  SUMMER 
MONTHS %FFECTIVE DOSE DERIVED FROM EXPERIMENTS AND MODELS OF ORGAN 
doses since, again we cannot practically measure internal organ doses 
during medical imaging) represents an equivalent whole body dose 
LIKE THE YEARLY AVERAGE RAINFALL	 FROM WHAT MAY BE REGIONAL EXPOSURES 
&OR EXAMPLE A BRAIN #4 MAY  RESULT  IN AN EFFECTIVE DOSE OF  M3V 
! PELVIC #4 MAY  RESULT  IN  AN  EFFECTIVE DOSE OF  M3V 4HIS MEANS 
THAT  THE  PELVIC  #4  EQUIVALENT  FOR  THE WHOLE  BODY  EXPOSURE  IS  TWICE 
THAT OF A BRAIN #4 (OWEVER IT IS EASY TO SEE THAT ANY POTENTIAL RISKS 
FROM THE BRAIN #4 TO THE LENS OF THE EYE FOR EXAMPLE ARE GOING TO BE 
GREATER  THAN  THE PELVIC #4 7HILE  THE EFFECTIVE DOSE CONTINUES  TO BE 
the most commonly used metric in discussing ionizing radiation dose 
FROM IMAGING MODALITIES IN THE CLINICAL REALM IT IS STILL PROBLEMATIC AND 
OFTEN MISUNDERSTOOD MEASURE 	
4HE DOSES FOR IMAGING MODALITIES CAN VARY WIDELY MORE THAN A FACTOR OF 
A HUNDRED )N GENERAL RADIOGRAPHY OF THE EXTREMITIES SUCH AS THE ANKLE 
wrist, or elbow provide very low doses, and computed tomography and 
nuclear imaging studies tend to provide relatively higher doses. Again, 
THESE ARE EFFECTIVE DOSES OR WHOLE BODY EQUIVALENTS  THAT ALLOW THE 
various imaging modalities to be compared with respect to an overall 
population risk but not an individual patient risk. Doses will depend 
ON THE VARIOUS  TECHNICAL  FACTORS USED  FOR VARIOUS  IMAGING STUDIES  )N 
particular, ﬂuoroscopy and angiography doses may vary depending 
ON  THE  INDICATION  FOR  THE  EVALUATION  OR  VARIOUS  lNDINGS  DURING  THE 
PROCEDURE !N UPPER GASTROINTESTINAL SERIES WITH A SMALL BOWEL FOLLOW 
through will in general have a higher ﬂuoroscopic dose than a simple 
mUOROSCOPIC CYSTOGRAM IN CHILDREN $OSES FOR NUCLEAR MEDICINE STUDIES 
can be quite low or relatively high (11, 12). Single imaging doses in 
CHILDREN FROM A SINGLE #4 EXAMINATION MAY BE AS LOW AS LESS THAN  
mSv to 10-20 mSv (11, 13, 22).
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Overall, there are nearly 4 billion diagnostic imaging evaluations that 
USE  IONIZING RADIATION PERFORMED WORLDWIDE 	   'IVEN THE CURRENT 
WORLD  POPULATION  THIS MEANS MORE  THAN ONE  EXAMINATION  FOR  EVERY 
INDIVIDUAL  IN THE WORLD  IS PERFORMED EVERY OTHER YEAR /BVIOUSLY NOT 
EVERYONE  HAS  AN  EXAMINATION  AND  VARIOUS  POPULATIONS  OF  PATIENTS 
WILL HAVE SIGNIlCANT NUMBER OF EXAMINATIONS PER YEAR )F ONE LOOKS AT 
medical imaging use in the United States, it has substantially increased 
over the past 30 years (24). Previously, about 3.5 mSv was the annual 
TOTAL  RADIATION  PER  CAPITA  DOSE    COMING  FROM  BACKGROUND 
RADIATION  FOR  EXAMPLE  RADON  COSMIC  RADIATION  NATURALLY  OCCURRING 
RADIOISOTOPES	 "EFORE  AN EFFECTIVE DOSE OF APPROXIMATELY  
M3V ABOUT  OF  THE TOTAL	 WAS ESTIMATED TO  RESULT  FROM MEDICAL 
imaging. This is now 3.0 mSv (23), a nearly 600% increase. Currently, 
IN  THE 5NITED 3TATES  OF ALL  RADIATION  TO  THE POPULATION  IS  FROM 
MEDICAL IMAGING .EARLY HALF OF THIS IS FROM #4 AND THE VAST MAJORITY 
OF MEDICAL RADIATION IS DUE TO COMBINATION OF #4 AND NUCLEAR IMAGING 
)N FACT #4 IN THE 5NITED 3TATES NOW ACCOUNTS FOR NEARLY  OF THE 
per capita radiation exposure per year. This is largely due to increase 
in medical imaging, rather than higher doses per procedure. The 
REASONS  FOR  THIS  INCREASED USE ARE COMPLEX BUT AS NOTED BEFORE #4 
HAS  PROVIDED  AN  INCREASINGLY  VALUABLE  TOOL  IN  A  NUMBER  OF  SETTINGS 
INCLUDING EVALUATION OF TRAUMA ESPECIALLY BRAIN  INJURY  IN THE SETTING 
OF  CARDIOVASCULAR  DISEASE  INCLUDING  THROMBOEMBOLISM  AND  OTHER 
cardiovascular abnormalities (such as acquired and congenital heart 
DISEASE  IN  CHILDREN	  AND  IN  THE  CLINICAL  SETTING  OF  ACUTE  ABDOMINAL 
pain, such as appendicitis. 
Currently, in the United States, nearly 80 million CT examinations are 
PERFORMED PER  YEAR  	 WHICH EQUATES  TO ABOUT ONE #4 EVALUATION 
PERFORMED PER YEAR FOR EVERY FOUR  INDIVIDUALS  )N THE 53  THE USE OF 
MEDICAL IMAGING IS ALSO FREQUENT IN CHILDREN &OR EXAMPLE $ORFMAN ET 
al noted that out that over a three year period in a U.S. population 
CONSISTING OF MORE THAN  CHILDREN FROM A GROUP OF HEALTH CARE 
networks, nearly 43% underwent at least one diagnostic imaging 
procedure using ionizing radiation, and nearly 8% had at least one 
#4 EXAMINATION 	 ,ARSON NOTED A lVEFOLD INCREASE IN THE NUMBER 
OF #4 EXAMINATIONS FROM  TO OVER  MILLION FROM  TO 
2008 (27). 
7HILE  THESE  DATA  DO  INDICATE  THAT  THE  USE  OF  MEDICAL  IMAGING  IN 
CHILDREN HAS INCREASED SUBSTANTIALLY OVER THE PAST FEW DECADES SOME 
OTHER DATA INDICATE THAT AT LEAST THE USE OF #4 IMAGING IN CHILDREN HAS 
DECLINED OVER THE PAST FEW YEARS  	 AND FURTHER INVESTIGATIONS 
WILL NEED TO DETERMINE IF THIS IS A SUSTAINED TREND 
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)N  GENERAL  RISK  ESTIMATIONS  FOR MEDICAL  IMAGING  IN  BOTH  ADULTS  AND 
CHILDREN COME FROM FOUR SOURCES CONSISTING OF STUDIES OF POPULATIONS 
EXPOSED TO ATOMIC BOMBS THE 2ADIOLOGIC %FFECTS 2ESEARCH &OUNDATION
RERF), occupational exposures, medical exposures, and environmental 
EXPOSURES SUCH AS THE #HERNOBYL ACCIDENT !N EXCELLENT REVIEW OF THE 
2%2& DATA  IS  FOUND  IN ARTICLE BY ,INET  	 4HE VARIOUS  REPORTS  FROM 
THESE SOURCES HAVE COMPRISED THE MOST CITED SOURCE FOR DETERMINING 
RISKS  THE  "IOLOGICAL  %FFECTS  OF  )ONIZING  2ADIATION  "%)2	  #OMMITTEE 
FROM THE .ATIONAL !CADEMY OF 3CIENCES 4HE MOST RECENT REPORT IS "%)2 
6)) 7HILE  "%)2 6))  REPORT  IS  THE  FOUNDATION  FOR MANY  RISK  ESTIMATES 
including medical imaging, there are some problems with the report. 
!S  NOTED  BY  (ENDEE  ET  AL  h  MANY  ARTICLES  THAT  USE  THE  "%)2 6)) 
REPORT TO FORECAST CANCER  INCIDENCE AND DEATHS FROM MEDICAL STUDIES 
FAIL TO ACKNOWLEDGE THE LIMITATIONS OF THE "%)2 6)) AND ACCEPT ITS RISKS 
ESTIMATES  AS  SCIENTIlC  FACT  RATHER  THAN AS  A  CONSENSUS OPINION OF  A 
COMMITTEEv 	 2ATHER THAN A DETAIL DISCUSSION OF THE LIMITATIONS OF 
THE "%)2 6)) 2EPORT IT IS PROBABLY MORE WORTHWHILE TO JUST UNDERSTAND 
THAT ESTIMATIONS OF CANCER RISKS SUCH AS THE LEVELS PROVIDED BY MEDICAL 
IMAGING  CONTINUE  TO  BE  SPECULATIVE  7E  ALSO  ESTIMATE  THE  DOSE 
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PROVIDED BY IMAGING RECALL EFFECTIVE DOSE DISCUSSION ABOVE	 SO THAT 
THERE ARE MANY ESTIMATIONS INVOLVED IN DETERMINING RISKS 7E DO KNOW 
THAT AT EFFECTIVE DOSES GREATER THAN  M3V THERE IS A SIGNIlCANT RISK 
OF CANCER "ELOW THAT AND THE RANGE OF MEDICAL IMAGING EXAMINATIONS 
there is a debate (10, 14, 30). 
4HE  MODEL  MOST  WIDELY  ACCEPTED  FOR  CANCER  INDUCTION  RISK  RELATED 
to dose (estimations) is a linear no threshold model (LNT) (31, 32). 
"ASICALLY  WE  KNOW  THAT  AT  HIGH  LEVELS  OF  RADIATION  THAT  THERE  IS  A 
SIGNIlCANTLY RISK OF CANCER ABOVE AN EFFECTIVE DOSE OF  M3V	 4HIS 
model assumes that the risk is only zero when there is no radiation 
dose.  Beginning at the zero point, a line is drawn through these 
higher points, generally above 100 mSv. This is not the only model and 
there has been some support in the literature in the other models such 
AS THAT BASED ON HORMESIS WHERE THERE IS A BENElCIAL EG PROTECTIVE 
FUNCTION SUCH AS IMPROVED $.! REPAIRSTABILITY	 AT LOW DOSES OR LEVELS 
with risks seen only at higher doses or levels (33).  As a rule, the 
MEDICAL  AND  SCIENTIlC  COMMUNITY  ACCEPTS  THE  LINEAR  NO  THRESHOLD 
MODEL AS A hCONSERVATIVEv MODEL THAT IS SUBSCRIBING TO THIS MODEL IS 
A RELATIVELY SAFE POSTURE AS OPPOSED TO ASSUMING THAT LOWER LEVELS OF 
RADIATION DO NOT HAVE BIOLOGIC EFFECTS
4HERE IS NO DIFFERENCE BETWEEN RADIATION INDUCED CANCER AND THE SAME 
cancers occurring naturally.  In addition, leukemia minimum 2-5 years, 
UP TO  YEARS AFTER RADIATION EXPOSURE SOLID TUMORS OCCUR A MINIMUM 
 YEARS AND RISKS REMAIN FOR AND EXTENDED TIME 	 
2ADIATION  RISKS  WILL  DEPEND  ON  AGE  GENDER  AND  OTHER  FACTORS 
including genetic susceptibility, as well as whether the exposure 
IS  PROTRACTED  OR  ACUTE  7HILE  INDIVIDUALS  NOTE  THAT  THERE  IS  A 
SIGNIFICANT RISK OF DEVELOPING CANCER AT DOSES BELOW A  M3V 	 
other experts, summarized recently by Hendee et al (14) through 
STATEMENTS FROM TWO PROFESSIONAL MEDICAL SOCIETIES CAUTION AGAINST 
SUCH PROJECTIONS 4HE !MERICAN !SSOCIATION OF 0HYSICISTS IN -EDICINE 
!!0-	 STATEMENT RELATES THAT hRISKS OF MEDICAL IMAGING AND PATIENT 
DOSES BELOW  M3V FOR SINGLE PROCEDURES OR  M3V FOR MULTIPLE 
procedures over short time periods are too low to be detectable and 
MAY BE NONEXISTENTv 4HE (EALTH 0HYSIC 3OCIETY ISSUED A PHYSICIAN 
STATEMENT INDICATING hTHE (EALTH 0HYSIC 3OCIETY RECOMMENDS AGAINST 
QUANTITATIVE ESTIMATIONS OF HEALTH RISKS BELOW AN INDIVIDUAL DOSE OF 
; M3V=  IN ONE  YEAR OR  A  LIFE  TIME DOSE OF  ; M3V=  ABOVE  THAT 
RECEIVED FROM NATURAL SOURCES &OR DOSES BELOW ; M3V= RISKS 
OF  HEALTH  EFFECTS  ARE  EITHER  TOO  SMALL  TO  BE  OBSERVED  OR  ARE  NON
EXISTENTv 
0ROJECTED  RISKS  FROM  CANCER  FROM  MEDICAL  IMAGING  INCLUDE  SUCH 
STATEMENTS BY "RENNER AND (ALL IN .EW %NGLAND *OURNAL OF -EDICINE 
THAT AS MANY AS  PERCENT OF ALL CANCERS IN THE 5NITED 3TATES COULD 
be caused by CT alone (34). In addition, in an investigation published 
IN !RCHIVES OF  )NTERNAL -EDICINE  IN  "ERRINGTON AND COLLEAGUES 
noted, with current CT use in the United States that nearly 15,000 
FATAL CANCERS COULD BE CAUSED BY A SINGLE #4 EXAMINATION 	
)N  AN EXCELLENT REVIEW OF WHAT IS KNOWN ABOUT MEDICAL IMAGING 
and cancer risks was published in Cancer, authored by Linet, et al. In 
THIS REVIEW AUTHORS NOTED THAT hxEPIDEMIOLOGIC STUDIES HAVE x LINKED 
diagnostic x-rays with cancer increases in patients, including modest 
EXCESSES OF PEDIATRIC LEUKEMIA IN THE OFFSPRING OF MOTHERS UNDERGOING 
diagnostic x-rays during pregnancy, and increased breast cancer risks in 
women with tuberculosis who were monitored using ﬂuoroscopy and 
IN WOMEN WITH SCOLIOSIS WHO WERE EVALUATED WITH REPEAT XRAYSv 	 
A detailed discussion underlying these investigations, which have been 
widely cited over decades, was provided.  In addition, authors reviewed 
CANCER RISKS ASSOCIATED WITH EXTERNAL RADIATION FROM SOURCES OTHER THAN 
diagnostic radiologic procedures (highlighting key epidemiologic studies), 
AND SUMMARIZED EPIDEMIOLOGIC STUDIES OF CANCER RISKS ASSOCIATED WITH 
diagnostic radiologic procedures including in utero x-rays in pediatric 
CANCER RISKS CHILDHOOD AND ADOLESCENT XRAYS  IN PEDIATRIC AND  LIFETIME 
cancer risks, adult x-rays and cancer risks, and animal studies.  For 
CHILDHOOD AND ADOLESCENT XRAY IN PEDIATRIC LIFETIME CANCER RISKS AUTHORS 
SUMMARIZED THAT STUDIES HAVE PRODUCED hAMBIVALENT RESULTSv SPECULATED 
to be due to methodological limitations, including small sample sizes, as 
WELL AS SHORT FOLLOWUP  
-OST RECENTLY A STUDY OF CHILDREN IN THE 5NITED +INGDOM UNDERGOING 
CT examinations published in Lancet by Pearce and colleagues is 
THE lRST  TO  REPORT AN ASSOCIATION OF #4 EXAMINATIONS WITH CANCER  )N 
THIS  INVESTIGATION  THERE WAS  A  SIGNIlCANT  ASSOCIATION  OF  BOTH  SOME 
leukemia and brain cancer. For example, one brain CT examination 
PERFORMED  IN  THE  lRST  DECADE  OF  LIFE  WAS  PROJECTED  TO  CAUSE  ONE 
EXCESS BRAIN CANCER PER  SCANS 7HILE THIS IS THE lRST REPORTED 
ASSOCIATION ACCEPTING THAT NOW THERE  IS A PROVEN  LINK  FROM A SINGLE 
INVESTIGATION  IS  IMPRUDENT  AND  AGAINST  SCIENTIlC  TENANTS  4HERE 
are ongoing investigations in larger patient populations in several 
countries (6). 
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!  COMPLETE  DISCUSSION  OF  STRATEGIES  IS  OUTSIDE  OF  THE  SCOPE  OF  THIS 
ARTICLE  BUT  CAN  BE  FOUND  IN  SEVERAL  RECENT  PUBLICATIONS   
	  3TRATEGIES  ARE  TARGETED  TO  MAJOR  ASPECTS  OF  RADIATION 
PROTECTION  JUSTIlCATION AND OPTIMIZATION    *USTIlCATION SIGNIlES  THAT 
THE  EXAMINATION  IS  INDICATED  7HEN  AN  EXAMINATION  IS  INDICATED 
the examination should be optimized, and various dose conscious 
techniques and parameters should be utilized. For children, these 
INCLUDE AGE APPROPRIATE SETTINGS MINIMIZING THE NUMBER OF PROJECTIONS 
AND  mUOROSCOPIC  TIME  APPROPRIATE  RADIONUCLIDE  DOSES  AND  FOR  #4 
minimizing multiphase examinations. Newer techniques including 
SIGNIlCANT  NOISE  REDUCTION  STRATEGIES  WILL  LIKELY  PROVIDE  ADDITIONAL 
OPPORTUNITIES FOR SIGNIlCANT DOSE REDUCTION IN #4 EXAMINATION
7(!4 )3 34),, .%%$%$
All healthcare providers must continue to work together to assure 
APPROPRIATE  EVIDENCEBASED  DATA  FOR  IMAGE  UTILIZATION  %DUCATIONAL 
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